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Abstract. We calculate the reflection component pre-
dicted by the anisotropic illumination model of Henri &
Petrucci 1997. This component appears to be more impor-
tant than for isotropic models. The overall X/γ spectrum
is found to be strongly angle-dependent. When the accre-
tion disc is seen with a nearly edge-on orientation the re-
flection hump is weak, while a face-on viewing angle leads
to a proeminent reflection hump with an equivalent reflec-
tion coefficient R ∼ 50. Such reflection dominated Seyfert
1s galaxies are not observed. By fitting observed X/γ spec-
tra, we derive inclination angle θ ∼ 70◦ for MCG 8-11-11
and θ ∼ 80◦ for IC 4329a and NGC 4151. Although the
model succeed in reproducing individual observed spectra,
it requires all the Seyfert 1s observed in the X-ray band
to be seen with large inclination angles. Such a situation
is highly improbable. On the other hand, we show that
the ionisation of a fair part of the reflecting disk could
represent an interesting improvement of the model, con-
sistent with the data and relaxing the constraints on the
high energy cut-off in Seyfert galaxies.
Key words: radiative transfer – X-rays:
galaxies – galaxies: Seyfert – galaxies individual: IC 4329a
– galaxies individual: MCG 8-11-11 – galaxies individual:
NGC 4151
1. Introduction
Although we know now that the high energy spectrum of
AGNs is driven by accretion processes in the vicinity of a
supermassive black hole, the detailed nature and geometry
of the nuclear emitting region are still unclear.
The radio quiet AGNs have first been divided in two
spectral classes based on optical classification (Khalichi-
kyan & Weedman 1971).The Seyfert 1s show broad (up to
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10000 km/s) and narrow (up to 1000 km/s) emission lines
while the seyfert 2s show only the narrow ones. The broad
lines originate probably from hot photoionized clouds
within 1 parsec of the central source, while the narrow
lines originate in moving clouds at kilo parsec distances.
The most popular models to explain these differences are
the unified models (see Antonucci 1993 for a review). In
this scheme Seyfert 1s and 2s have intrinsically the same
nucleus, the differences are simply due to an inclination
effect. An optically thick torus of dust and molecular gas
surrounds the nucleus and the broad line region (BLR),
obscuring our view of the BLR when our line of sight lies
close to the torus plane. In this case the galaxy appears as
a Seyfert 2 since only the NRL are visible. The BLR and
the nucleus are visible only when we view from within a
cone aligned with the polar axis of the torus. The galaxy
then appears as Seyfert 1. The most extreme hypothesis,
called the straw’s person model, assumes that the thick-
ness and the opening angle of the torus are the same in all
Seyfert galaxies. This model received strong supports from
observations, but there are now some hints that the real-
ity is more complex lying somewhere between the straw’s
person model and the hypothesis that Seyfert 1s and 2s
are intrinsically different objects.
Since the high energy photons are less altered by the
environment, and because of their short time variabil-
ity, the observed X and γ spectra provide information on
the inner regions and the primary source. They are well
described by an intrinsic power law with photon index
Γ ∼ 1.9 (Pounds et al. 1990; Nandra & Pounds 1994)
with a cut-off at a few hundred keV (Jourdain et al. 1992;
Johnson et al. 1995). This powerlaw is interpreted as the
result of comptonisation of soft (UV) photons by high en-
ergy electrons or pairs. Ginga observations have shown the
presence of secondary components surimposed on the pow-
erlaw. Among them a reflected component arising from
Compton reflection on cold matter (White & Lightman
1988) and a neutral Fe Kα line. These components sug-
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gest the presence of a cold thick gas in the region where
most of the power is released.
This is corroborated by the presence in many sources
of a strong UV bump interpreted as a thermally radiat-
ing medium. This UV emission was thought to arise from
internal dissipation in an accretion disc until variability
studies of NGC 4151 and NGC 5548 (Clavel et al. 1992;
Warwick et al. 1996; Perola et al. 1986) showed a corre-
lated UV and X variability which is inconsistent with the
standard accretion disc model. The UV and optical con-
tinua are more likely due to the reprocessing of the high
energy radiation.
All these elements have led to consider various geome-
tries where an X-ray source is located above a cold ac-
cretion disc and reilluminates it, inprinting the reflection
features on the observed spectrum (Zdziarski et al. 1990;
Haardt et Maraschi 1991, 1993). In these models the X-ray
source is isotropic, half of the X-rays impinges on the disc
and is reprocessed. This produces a black body UV lumi-
nosity of about the same magnitude as the hard Comp-
tonized luminosity. This is contrary to observations which
often show a UV luminosity several times greater than X-
ray luminosity (Walter et Fink 1993). Furthermore, some
observations of the Fe line with a large equivalent width
(EW > 200 eV, Nandra et al. 1997) seem to require more
impinging radiation. Ghisellini et al. (1991) pointed out
that the anisotropy of both the UV radiation field and
the IC process should lead to more X-ray photons scat-
tered backward than upward.
However, the discovery by OSSE and SIGMA of an
ubiquitous cut-off around a few hundred keV has focused
the attention on thermal models, stimulating detailed cal-
culations of the coupling between the hot source and the
cold disc. The most popular model, favored by these cal-
culations, is the patchy corona model (Haardt et al. 1994;
Stern et al. 1995). In this scheme the emitting region is
modeled by a small number (∼ 10) of active regions on
the surface of the accretion disc. This model is in good
agreement with the data. However, it requires internal dis-
sipation in the disc to explain large UV to X ratios, which
is again difficult to reconcile with simultaneous optical-
UV variability. It seems also to have difficulties to explain
photon index softer than 2, as observed in some Seyfert
2s (Smith & Done, 1996).
As an alternative, Henri et Petrucci (1997, hereafter
HP97) proposed a model where the hard X-rays are emit-
ted by a unique non-thermal optically thin point source.
This source is located above an accretion disc and illumi-
nates it. Such a source could be physically realized by a
strong shock terminating an aborted jet (Petrucci et al., in
preparation). The seed photons are provided by the ther-
mal emission of the disc. This disc is represented by an
infinite slab which radiates only the reprocessed energy
from the hot source whithout internal dissipation. The
anisotropy of the soft photon field influences the Comp-
ton process making the X/γ emission strongly anisotropic.
HP97 calculated in a self-consistent way the angular distri-
bution of the high energy radiation and the disc tempera-
ture profile. This anistropic illumination model (AIM) was
found to give a good explanation of the observed distri-
bution of UV/X luminosity ratios in Seyfert 1s. The high
energy cut-off can be obtained by an appropriate shape of
the particle distribution that can be naturally produced
by reacceleration associated with pair production (Done
et al. 1990, Henri & Pelletier 1991).
In this paper we investigate further this anisotropic
illumination scenario. We calculated the reflection com-
ponent expected from this geometry (Sect. 2 ). The strong
anisotropy of the X-ray source leads to an overall spectrum
which is highly angle dependent. For nearly pole-on view-
ing angles, the reflected component dominates the hard X-
ray spectrum. In Sect. 3, we compare our results with ob-
served spectra of IC 4329a, MCG 8-11-11 and NGC 4151
. The small amount of reflection in these objects requires
nearly edge-on inclination angles. To date, no reflection
dominated Seyfert 1 has been detected. It means that in
the framework of the present model all the X/γ observed
Seyfert 1s are seen with large inclinations. This point and
possible implications for Seyfert galaxies are discussed in
Sect. 4.
2. The reflection component
2.1. Computional Method and Assumptions
The calculation of the reflected component of the proposed
model is a bit peculiar, since the incident flux is angle de-
pendent. The flux from the primary X-ray source, radiated
in a direction defined by an angle θ with the normal to the
disc was given in HP97 (Eq. 78) with a form similar to:
Fdir (E , µ) ∝ Fηχ(µ)A(µ)
Γ−2E1−Γ exp−
√
E
EcA(µ)
(1)
where µ = cos θ, Γ is the photon index and Ec the cut-off
energy.
The anisotropy coefficients are given by:
Fηχ(µ) = 2.30043 − 3.29152µ + 1.09871µ2, (2)
A(µ) =
Fηχ(µ)
2. − 1.64576µ
. (3)
Note that the effective cut-off energy EcA(µ) is angle de-
pendent.
This form of Fdir differs from the classical power law plus
exponential cut-off by the 1/2 exponent under the exp
function. This exponent originates from the lepton energy
distribution in the hot source. In HP97 (eq. 71), this dis-
tribution function has been arbitrary fixed to be :
n(γ) = N0 γ
−s exp
(
−
γ
γ0
)
(4)
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Actually, we should calculate it self consistently taking
into account all radiative and hydrodynamic processes in
the shock which leads to the formation of the hot source.
This work is currently in progress and it seems that in
the allowed range of parameters there are few constraints
on the shape of the electron distribution. For example, we
could choose the more general distribution :
N(γ) = N0γ
−s exp
[
−
(
γ
γ0
)2β]
(5)
Which leads to a photon flux:
Fdir(E, µ) ∝ Fηχ(µ)A(µ)
Γ−2E1−Γ
exp
[
−
(
E
EcA(µ)
)β]
(6)
In this paper, we will use this last expression. Indeed, the
model does not constrain the detailed shape of the primary
spectrum but only the integrated luminosities.
For directions µ < 0 , the radiation impinges on the
disc. A fair part of the luminosity is absorbed contributing
to the disc heating, while a fraction is Compton reflected
leading to the formation of a secondary component Fref .
As for the isotropic case the strength and shape of re-
flected spectrum depend on the viewing angle (Magdziarz
& Zdziarski 1995), but in a stronger manner. We per-
formed calculations of Fref(E , µ ) using a Monte-Carlo
code which enables a treatment of these anisotropy effects
(See Poutanen et al. 1996 for a semi-analytic treatment
of angle dependent illumination). Our code takes into ac-
count both Compton diffusions in cold matter, photoab-
sorption and iron fluorescence. The disc is supposed to be
optically thick, we fixed its column density at 1026cm−2.
The photoabsorption opacities are those from Morrisson
& Mc Cammon (1983) which assume neutral matter with
standard abundances. This code was tested, for the iso-
tropic case, against the results of Magdziarz & Zdziarski
1995 and found in good agreement.
Assuming neutral matter means that the source height
is supposed to be large enough for the impinging X-ray
flux not to ionize the disc significantly. This hypothesis
is supported by the observations of the 6.4 keV Fe line
(Pound et al. 1990; Nandra & Pounds 1994). An ionized
reflector would increase the reflected continuum below 10
keV where its contribution to the overall spectrum is usu-
ally very weak.
In Petrucci & Henri (1997), general relativity effects
were studied and found to have negligible influence on
the primary and reprocessed spectrum for source heights
greater than 25 Rs (5 10
12 to 5 1014 cm for typical masses).
In this limit indeed, the characteristic size of the disc area
where most of the source power is radiated, is much larger
than the gravitational radius. Since our assumption of
neutral matter requires a large source height, we assume
that general relativity effects on the reflection component
are negligible and use an Euclidean metric. Also we did
not attempt to take into account the Doppler effect from
the disc rotation. These effects would affect essentially the
Fe line shape.
The reflected luminosity does not contribute to the disc
heating. This could modify the temperature disc profile
derived in HP97. Actually the disc albedo is small and we
can neglect the incidence of reflection on the disc-source
energy balance. We checked a posteriori that the total re-
flected luminosity is only about 10 % of the total incident
luminosity. Also minor modifications of the primary spec-
trum arising from reflected photons going back to the hot
source have been neglected.
With all these approximations the high energy spec-
trum shape is independent of the source height above the
infinite disc.
2.2. Results
The main result from our calculations is that the overall
spectrum is strongly dependent on the viewing angle θ, de-
fined as the angle between the line of sight and the normal
to the disc. Fig. 1 shows two spectra obtained for edge-on
and face-on inclinations. The hard X-ray source is highly
anisotropic, the downward to upward emitted power ratio
is about 7, leading to a reflection component higher than
for isotropic models. Furthermore, this anisotropy leads
to an increasing apparent luminosity of the primary emis-
sion with increasing θ (see HP97). On the other hand the
reflected flux is roughly proportional to the projected disc
area seen by the observer which decreases as µ = cos θ.
So, the reflection component dominates the high energy
spectrum for low inclinations.
The amount of reflection in the overall spectrum can
be quantified by the reflection coefficient R. This empirical
parameter is used to account for anisotropy and geome-
try uncertainties when comparing an isotropic reflection
model with data. R is usually defined as the normalisa-
tion ratio between an observed reflected component to the
calculated reflection obtained for an isotropic source illu-
minating an infinite slab seen with a given reference incli-
nation angle θ0 .
The choice of θ0 is important since even in the isotropic
case the reflected spectrum shape and normalisation are
angle dependent. Usually θ0 is chosen to be 60
◦ because for
this angle the spectrum is very close to the angle averaged
spectrum, some authors prefer θ0 = 0 since Seyfert 1s are
expected to be seen pole on.
Here we estimate the reflection coefficient predicted by
the AIM. Our R(µ) is the ratio of the number of reflected
photons predicted by the model for a given µ, to the pho-
ton number obtained if the source was isotropic – and
emitting the spectrum predicted by our model for an in-
clination µ – and observed with an inclination µ0 = cos θ0:
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Fig. 1. Calculated spectra for θ = 10◦ (bottom) and θ =
80◦ (top) with Ec = 200 keV Γ = 1.9 and β = 1. The
dotted lines show the primary spectrum, the dashed lines
the reflected component.
R(µ) =
∫
E−1Fref(E, µ) dE∫
E−1F iso,µref (E, µ0) dE
(7)
Fig. 2 shows R as a function of the inclination angle.
R, increasing quickly with µ, is of order of unity for angles
around 80-75 degrees and become important for smaller
angles reaching values of about 50 for small inclinations.
As the observed R in Seyfert 1 galaxies is of order
unity, we can already see that the anisotropic illumination
model predicts an important inclination angle for those
Seyfert 1s that have been well studied in hard X-rays.
0.0 0.2 0.4 0.6 0.8 1.0
µ
0.01
0.10
1.00
10.00
R
Fig. 2. R as a function of µ for three reference angles.
θ0 = 0
◦, 30◦ , 60◦ from bottom to top. The parameters of
the primary emission are Ec = 200 keV, Γ = 1.9, β = 1.
In the next section we test our model against the high
energy spectra of IC 4329a, MCG 8-11-11 and NGC 4151
and derive inclination angles for these objects.
3. Comparisons with observations
3.1. Data
In order to test the anisotropic illumination model and
its predicted reflection component, we need spectral data
in the 1–500 keV range. Seyfert 1 galaxies are faint at
high energy, OSSE detected only 12 of them with a good
photon statistic (Johnson et al. 1997). If we discard those
which were not observed simultaneously by a lower energy
instrument their number falls to only 3 objects for which
data are available, namely IC 4329a, MCG 8-11-11 and
NGC 4151.
For IC 4329a we used the ROSAT, GINGA and OSSE
data from Madejski et al. (1995, Fig. 4b model d). In our
fits we ignored pha bins below 1 keV. For MCG 8-11-
11 we used the ASCA/OSSE joint spectrum described in
Grandi et al.(1997). For NGC 4151 we used the data from
Zdziarski et al. (1996). The original data are a compos-
ite spectrum based on nearly simultaneous observations
by ROSAT, GINGA and OSSE in june 1991. NGC 4151
presents a strong excess below 1.5 keV whose nature is
unclear, arising probably from extended emission in the
galaxy (Pounds et al 1986), and a strong complex absorp-
tion structure. The analysis of these components is out
of the scope of the present work. So, we did not use the
ROSAT data in our fit and considered GINGA data only
above 2 keV.
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3.2. Fitted model
We fit these data with a 3 component model which has
the following form:
F (E , µ ) = [Fdir(E , µ ) + Fref(E , µ ) ] e
−σ (E )NH (8)
The first component is the direct flux Fdir defined by
Eq. 6 which depends on parameters µ, Ec, Γ and β.
The second component Fref(E, µ) is the reflected com-
ponent. This component depends indirectly on parameters
Ec, Γ and β via the incident X-ray spectrum. The µ pa-
rameter affects weakly its shape, but mainly its relative
intensity to the direct flux.
As an attempt to account for the low energy absorp-
tion we add a simple neutral absorption model with an
hydrogen equivalent column density Nh. In order to have
a reduced set of free parameters we did not attempt to
model the data with a more complex absorber (ionized or
partial covering). As we fit the data only above 1 keV we
expect it does not influence the fit.
So, the fitted model includes 5 parameters Ec, Γ, µ,
Nh and β plus an overall normalisation.
The fits were performed using XSPEC V10. The com-
putation of the reflected spectrum by Monte Carlo method
is too time consuming to be implemented in the fit pro-
cedure. So, we calculated once for all the “response ma-
trix” of the disc. This matrix (similar to those described
in Poutanen et al. 1996 ) gives the reflected spectrum in
a given direction, for a given incident flux at fixed inci-
dence angle and energy. An XSPEC implemented subrou-
tine computes quickly the reflected component by inter-
polating and summing the matrix elements.
Quoted errors are the 90% confidence range (∆χ2 =
2.706) as computed by XSPEC.
3.3. Results
We fitted the data with both the β parameter fixed to 1
(models a/c) and let as a free parameter (models b/d). To
Fig. 3. Fits with model b. The dotted lines are the reflec-
tion components, dashed line are the absorbed primary
spectra, dot-dashed lines are the unabsorbed continua,
solid lines are the sum of the three components
estimate the influence of our predicted FeKα line on the
results, we then reprocessed the fits ignoring the pha chan-
nels in the 6.-7. range (models c and d). The results are
shown in table 1. Fig. 3 shows the data and the unfolded
model spectra from model b.
The best fit parameters values of Ec , Γ and NH de-
rived with β = 1 (model a) are very similar to those found
in the previous quoted works. We found values of µ corre-
sponding to : θ ∼ 81◦ for IC 4329a, and NGC 4151, and
θ ∼ 67◦ for MCG 8-11-11. These large inclination angles
reflect the small amount of reflection in these objects. Us-
ing Fig. 2, one can check that these angles are in good
agreement with the previously derived R parameter val-
ues : 1.03 (θ0 = 60
◦), 1.64 (θ0 = 0
◦) and 0.43 (θ0 = 65
◦),
respectively for IC 4329a, MCG 8-11-11 and NGC 4151.
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Table 1. Best fit parameters and χ2 for models (a) β frozen, (b) β free parameter, (c) β frozen, 6.-7. keV channels
ignored, (d) β free, 6.-7. keV channels ignored. Ec is given in keV, NH in 10
22 cm−2.
Γ Ec β µ NH χ
2/ν
IC 4329a
(a) 1.95+0.03
−0.01 284.
+120
−60 1.0 (f) 0.16
+0.02
−0.01 0.46
+0.02
−0.02 129/104
(b) 1.87+0.06
−0.11 112.
+240
−111 0.39
+0.30
−0.13 0.18
+0.01
−0.01 0.46
+0.02
−0.02 127/103
(c) 1.96+0.01
−0.02 306.
+136
−60 1.0 (f) 0.16
+0.02
−0.02 0.46
−0.02
−0.02 118/101
(d) 1.97+0.01
−0.10 210.
+112
−210 2.6
+6.1
−2.2 0.15
+0.03
−0.04 0.47
+0.02
−0.03 118/100
MCG 8-11-11
(a) 1.71+0.04
−0.04 201.
+96
−55 1.0 (f) 0.38
+0.05
−0.07 0.27
+0.02
−0.02 913/884
(b) 1.71+0.04
−0.13 203.
+110
−202 0.96
+1.8
−0.6 0.38
+0.06
−0.07 0.27
+0.02
−0.02 913/883
(c) 1.71+0.05
−0.05 217.
+64
−64 1.0 (f) 0.36
+0.13
−0.13 0.27
+0.02
−0.02 814/827
(d) 1.66+0.01
−0.01 116.
+242
−71 0.51
+2.9
−0.12 0.41
+0.10
−0.20 0.27
+0.02
−0.02 814/826
NGC 4151
(a) 1.80+0.01
−0.01 235.
+25
−19 1.0 (f) 0.15
+0.01
−0.01 9.4
+0.1
−0.1 137/99
(b) 1.87+0.04
−0.03 211.
+20
−20 2.4
+0.6
−0.5 0.16
+0.03
−0.02 9.8
+0.2
−0.2 100/98
(c) 1.84+0.01
−0.08 282.
+14
−78 1.0 (f) 0.18
+0.01
−0.05 9.5
+0.1
−0.4 131/96
(d) 1.87+0.06
−0.03 210.
+25
−15 2.4
+1.2
−0.5 0.16
+0.05
−0.02 9.8
+0.2
−0.3 93/95
However, our χ2 values are worse because the Fe line
is not a free parameter in our model and our absorption
model is rough. Ignoring the data bins in the 6.-7. range
(model c and d) improves the fits significantly. This means
that our predicted Fe line does not reproduce the data
very well. An analysis of the residuals shows that the ob-
served lines are stronger and broader in these three ob-
jects. Such large equivalent widths are usually interpreted
as iron overabundance. The broadening could arise from
Doppler and general relativistic effects. A secondary com-
ponent produced elsewhere could also be present.
Actually, a detailed modelling of the Fe line would
require more assumptions than we did, making it diffi-
cult a self consistent calculation in the framework of the
anisotropic illumination model. However, we can see by
eyes in Fig. 3 that our estimates of the line are not in
complete disagreement with the data.
In IC 4329a and MCG 8-11-11 the data do not con-
strain the detailed shape of the cut-off. So adding the β
parameter (model b and d) does not improve significantly
the fit. And as β and Ec are strongly correlated, similar
χ2 values can be achieved with either small or large value
of both β and Ec . In MCG 8-11-11 the best fit values of
β in model b is found to be close to 1., while ignoring the
6-7 keV channels lead to β = 0.51 but with a χ2 value
very close to that obtained with β fixed to 1 (model c).
For IC 4329a we found two local minima corresponding to
β ∼ 0.4 , Ec ∼ 110keV and β ∼ 2.7, Ec ∼ 210keV with
a slight difference in χ2 values. The first minimum is the
best fit in model (b), while the second becomes the best fit
when 6-7 keV channels are ignored. On the other hand, in
NGC 4151, the OSSE data have a higher photon statistics
which enables to better constrain the model. The cut-off is
clearly sharper than exponential which had led Zdziarski
et al. (1996) to interpret it as a thermal one. Our non-
thermal model gives a good description of the spectrum
provided that β > 1, with a best fit value of β close to 2.4.
4. Discussion
In the previous section we found that the AIM is consi-
tent with the observed X-ray/γ-ray spectra from IC 4329a,
MCG 8-11-11 and NGC 4151, provided that the inclina-
tion angle is nearly edge-on. This would require that, at
least in these three Seyfert 1 galaxies, the dusty torus is
inexistent or the geometry of the obscuring material en-
ables us to see directly their nuclei at large inclination
angles. To our knowledge, such an hypothesis can not be
ruled out by present observations. There are also some
hints that the inclination is larger than usually thought in
some unobscured Seyferts.
In NGC 4151, HST observations of the ionisation cone
in the extended narrow line region require a larger opening
angle and an inclination > 60◦ (Evans et al. 1993). The
large absorption column density and the radio jet in NGC
4151 are also suggestive of an edge-on Seyfert. This led
Cassidy & Raine (1997) to propose a modified version of
the unified model based on detailed analysis of NGC 4151.
In this scheme, the observed ionisation cone is due to the
geometry of the scatterer rather than to collimation by
the torus.The absorption of Seyfert 2 spectra occurs in a
flared accretion disc, so the opening angle of the torus is
not required to be small. For NGC 4151 they derive an
inclination of 58◦.
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In the case of IC 4329a, a polarimetric study (Wols-
tencroft et al. 1995), assuming that the polarization arises
from scattering on the inner edge of the optically thick
torus, shows that IC 4329a is unlikely to be seen pole-on.
Rather, it suggests that our line of sight goes through the
edge of the torus so that the central nucleus is partially
obscured. This would be consistent with a large inclination
if the torus is geometrically thin and, on the other hand,
it would also explain the large column density obtained in
the best fits –almost 10 times the galactic column density
(see also Walter&Fink 1993). We can equally remark that
a large reddening has been observed in the optical and ul-
traviolet (Marziani et al. 1992) and that IC 4329a is one
of the rare almost edge-on Seyfert 1 galaxies (Keel 1980).
We are thus possibly dealing with three highly inclined
systems.
However, our results are clearly different from detailed
studies of the FeK line profiles observed by ASCA (Nan-
dra et al. 1997). They found broad asymmetric redshifted
lines consistent with emission in the inner regions of an
accretion disc rotating around a black hole. The relativis-
tic effects on the line profile are strongly angle dependent
(Fabian et al. 1989; Laor 1991). They derive a mean incli-
nation of only 30◦ for their sample of Seyfert 1s. For NGC
4151 and IC 4329a, they found viewing angles respectively
in the range 9◦ − 33◦ and 10◦ − 26◦ degrees. At least for
MCG 6-30-15 and NGC 4151, it seems difficult to find a
plausible alternative explanation (Fabian et al. 1995) such
as Compton downscattering. Note however that the mod-
elling of the continuum can affect the line profile. On the
other hand, the used fitting model requires had hoc as-
sumptions on the inner and outer radii of the disc and
on the disc emissivity profile and assumes that all of the
fluorescence arise from the disc. Moreover, this model also
predicts small inclination angles for a sample of Seyfert 2s
and NELG (Turner et al. 1997) in contradiction with the
unified model.
A more problematic issue is the prediction of reflec-
tion dominated Seyfert 1s for pole-on inclination angles.
However, a proeminent reflection component should have
strong effects below ten keV and thus should be de-
tected by GINGA and ASCA. Indeed, these objects would
present a very intense Fe line with equivalent widths of 1-2
keV and a very hard spectrum in this band (Γ ∼ 1). It is
interesting to note that observations of the X-ray back-
ground requires discrete sources with photon index in the
2-10 keV range Γ ∼ 1.5 (Ueda et al. 1998). Although these
sources are merely Seyfert 2 galaxies (Sakano et al. 1998),
the X-ray background would be consistent with reflection
dominated Seyfert 1s ( Fabian et al. 1990).
A few reflection dominated Seyferts have effectively
been reported (Reynolds et al. 1994, Matt et al. 1996,
Malaguti et al. 1998), but all of them are Seyfert 2s. The
reflection component is then interpreted as reflection on
the inner edge of the torus, the nuclear emission being
strongly absorbed.
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Fig. 4. Spectrum obtained for a disk fully ionised in its
external parts (solid line). The half-angle substended by
the neutral region is 45 ◦. The parameters are µ = 0.98,
Γ = 1.9, NH = 0.47 and Ec = 3 MeV. The direct emmis-
sion is shown in dotted line. As a comparison the dashed
line shows the overall spectrum obtained with best fit pa-
rameters of model d for IC4329a
.
In the GINGA sample of 27 Seyfert 1s and NELG
(Nandra & Pound 1994), the largest R values are 3-4. This
means that, according to Fig. 2, none of them would have
an inclination lower than ∼ 50◦. Unless there is a strong
selection effect against low inclination system , this situ-
ation is most unlikely. The data do not suggest the exis-
tence of a selection bias which would be moreover difficult
to explain. The AIM in its present form is thus ruled out.
However, some improvements of the AIM could make
it more consistent with the observations. First, the source
could be closer to the disc. Then, the solid angle subtended
by the reflecting matter is reduced due to the central hole
in the disk. Yet, it appears that the reduction of the hump
while significant is not sufficient to solve our problem, un-
less the source is very close to the black hole. For an in-
clination of 10◦, we found that the source has to be lower
than a tenth of the radius of the hole. This is rather unre-
alistic. However, we do not account for relativistic effects
in these estimates and it is clear that, at such distances of
the black hole, they become very important. Introduction
of relativistic effects is deferred to a future work.
On the other hand, a particularly relevant improve-
ment would be to consider the ionisation of the disk up-
per layers due to illumination. The ionisation degree of
the reflecting material depends on the incident flux and
the density. We made preliminary estimates of the density
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profile at the surface of the disk. It turns out to be denser
close to the black hole. So that paradoxically, it should be
neutral in its internal parts and highly ionized at greater
radii.
In the ionised regions the reflected component would
arise with very few photelectric absorption mimicking the
primary spectrum at low energy, leading to an apparent
reduced reflection hump. As a first estimate of this effect
we calculated the spectra predicted by the AIM assuming
that the central region is neutral, while the external region
is fully ionised (no photoabsorption, reflection on free elec-
trons) . The border between the two zones is parametrized
by φ the half-angle subtended by the neutral region as seen
from the source. Fig. 4 compares the spectrum obtained in
our fit of IC4329a (model c) and a spectrum obtained with
φ = 45◦, and an inclination of 10◦. The spectral shapes
are very similar. We can equally remark that, as the direct
emission is negligible for small inclinations, the cut-off en-
ergy is no longer constrained to be at a few hundred keV
(Ec=3 MeV in Fig 4 ). This could have interesting conse-
quences for non-thermal models.
5. Conclusion
We calculated the reflection component predicted by the
AIM. It is found to be stronger than in isotropic model
and it dominates the high energy spectrum for small incli-
nation angles. Such a strong reflection component is un-
observed in Seyfert 1s. So, to be consistent with the data,
the AIM requires that all the observed Seyferts are seen
with a large viewing angle. Obtaining acceptable fits of
IC4329a, MCG 8-11-11 and NGC4151 spectra requires in-
clinations of 70 ◦- 80 ◦. While it is possible that these three
individual objects are very inclined, it seems very unlikely
to be the case for all the Seyfert 1s galaxies observed by
GINGA, ASCA and BeppoSAX. So we consider that the
AIM, in its present form, is ruled out. However, we showed
that it could be reconciled with the data if one admit that
a fair part of the disk is strongly ionised. A detailed study
of the effect of ionisation as well as other improvements
of the model that could reduce the reflection hump are
under works.
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